The influence of different albumin solutions and of the molar bilirubin/albumin ratio on the bilirubin concentration determined by the method of Hertz et al. was studied. There is good agreement between the true-bilirubin concentrations and those obtained by the Hertz method for bilirubin-HSA and bilirubin-serum solutions. Moreover the observed concentration is scarcely influenced by the molar ratio. Bilirubin standards in HSA-solutions can thus be used to standardise this method. Errors are introduced by preparing standards in BSA-solutions as the absorption spectrum of bilirubin-BSA is different from that of bilirubin-HSA.
Bovine serum albumin (BSA no. 9270) was obtained from Poviet Producten BV, Oss, The Netherlands; a molecular weight of 67 000 was assumed. This albumin contains 3 %water. Purified human serum albumin (HSA,OHRA21) was obtained from Behringwerke AG, Marburg-Lahn, West Germany; a molecular weight of 66 300 was assumed. BSA and HSA were dissolved in a 67 mmol/l phosphate buffer (pH 7,40) to concentrations of 39·9 gil and 39· 8 g/I, respectively.
Pooled human serum was used with an albumin concentration of 42· 0 g/I, measured by radial immunodiffusion, and a bilirubin concentration of 5 flomol/I, measured by the diazo method of Jendrassik and Gr6f.'" Waukegan, Ill, USA (no. 8704) , was dissolved in a solution containing 20 mmoljl NaOH and 5 mrnol/l EDTA under incandescent light to prepare solutions with bilirubin concentrations ranging from 128 to 2726 flomol/I.
Material and methods
BILIR UBIN-ALB UMIN SOL UTIONS One millilitre of bilirubin solutions with increasing bilirubin concentrations was added to 2 ml of the albumin solution or the pooled serum under incandescent light to obtain bilirubin-albumin solutions with molar bilirubin/albumin ratios ranging from O·32 to 2·15. The bilirubin concentrations and the molar bilirubin/albumin ratios of these solu-BILIR UBIN SOL UTIONS tions are shown in the Table. The bilirubin con-Bilirubin (reference grade) obtained from Pfanstiehl, centrations, calculated from the added bilirubin, 102
In a recent paper, Blijenberg et aU discussed the improvement in precision reached in a survey with respect to the determination of the total bilirubin concentration in neonatal serum by direct spectrophotometry. In that study measurements in undiluted serum are replaced by a direct reading method with buffer dilution according to Hertz et al. 2 Hertz et al. diluted a serum sample with a dipotassium tetraborate buffer (100 mmol/l, pH 9'30) and read the absorbance at 466 nm and 522 nm. The total bilirubin concentration was calculated with an equation from these absorbances (see Methods). Hertz et al. checked this equation with human serum enriched with bilirubin" and advised the use of this enriched serum instead of enriched albumin solutions for standardisation. In the enriched serum (diluted in the tetraborate buffer) bilirubin has a maximum absorbance at 463 nm (infant serum) or 462 nm (adult serum)." As bilirubin standards in different albumin solutions are used to standardise this method, we examined the influence of different albumin solutions on the apparent bilirubin concentration to see which bilirubin-albumin standards can be used for direct spectrophotometry. Furthermore, we investigated the influence of the molar ratio bilirubin/albumin on the apparent bilirubin concentration as Hertz' studies were performed with a molar ratio < 1. have been defined as 'true-bilirubin' concentration. The BSA concentration in the bilirubin-BSA solutions was 397 !Lmoljl, the HSA concentration in the bilirubin-HSA solutions was 400 !Lmoljl, and the albumin concentration in the bilirubin-pooled serum solutions was 422 !Lmoljl.
BlLIR UBlN-ALB UMlN STANDARDS Crystalline bilirubin, obtained from the National Bureau of Standards (Standard Reference Material 916), was used to prepare a bilirubin-BSA and a bilirubin-HSA standard solution according to the method described."
In this method bilirubin is dissolved in dimethylsulphoxide, diluted with Na 2CO s, 0·1 rnol/l, and made up to volume with a buffered BSAjHSA solution after addition of the albumin solution and HCI, 0·1 mo1jl. The prepared solution is aliquoted, lyophilised, and stored under standard conditions in the dark. These standards are reconstituted with bidistilled water. The bilirubin concentrations in the standard solutions were 68·6 !Lmoljl and 68·0 {J-moljl, respectively. The albumin concentrations in these solutions were 597 {J-moljl and 603 !Lmol{I, respectively.
METHODS
Ttl,: bilirubin-albumin solutions were diluted in duplicate with a 100 mmoljl dipotassium tetraborate buffer (pH 9· 30) according to the procedure of Hertz et al. 2 The bilirubin-albumin standards were diluted five-fold with the same buffer to get an accurate value of the Hertz-bilirubin concentration.
In contrast to the Hertz procedure, the absorbance readings were made against blanks of BSA, HSA, and pooled serum solutions, not 'spiked' with bilirubin, diluted with the tetraborate buffer. The influence of this modification appeared to be negligible as the 'bilirubin concentration' of the liSA and HSA solutions, not 'spiked' with bilirubin, measured by the Hertz method was 0·1 {J-moljl.
The bilirubin concentration of the pooled serum, not 'spiked' with bilirubin, measured by the procedure of Hertz, was 0·1 {J-mol/l higher than the bilirubin concentration measured by the diazo method of Jendrassik and Gr6f. 4 The bilirubin concentrations were calculated with the Hertz equation
where c (TB) is the total bilirubin concentration, / is the reciprocal volume fraction of the bilirubinalbumin solution in a mixture with the dipotassium tetraborate buffer (in this study 21 or 41), and A 488 and A 5 2 2 are the absorbances at 466 nm and 522 nm corrected for the blanks.
The bilirubin concentration calculated with the Hertz equation will be defined as 'Hertz-bilirubin'. Studies were completed under incandescent light within 2 hours from the time bilirubin was dissolved.
APPARATUS
The absorbances were determined on a Beckman model 24 spectrophotometer. The wavelength setting was checked with a holmium filter. The absorbance scale was checked with National Bureau of Standards neutral glass filters (Standard Reference Material 930). Linearity was checked with solutions of cobalt ammonium sulphate and paranitrophenol.
Results
The relation between the molar ratio bilirubin/ albumin and the difference between the true-bilirubin concentrations and those obtained by the Hertz method for the three different albumin solutions is shown in the Table and in Figure 1 . The Hertzbilirubin concentrations of the bilirubin-BSA and bilirubin-HSA standards (88'6 and 69·4 !Lmoljl) are the mean of the five determinations with coefficients of variation of O·5 % and o· 4 %, respectively. Figure 2 shows the influence of the molar bilirubin/ albumin ratio for the three bilirubin-albumin Bijster, Vader, and Vink between the bilirubin concentrations in the bilirubinserum solutions calculated with the Hertz equation and the true-bilirubin concentrations (Wilcoxon's test: p>0·05). Although there is a statistically significant difference between the bilirubin concentrations in the bilirubin-HSA solutions calculated with the Hertz equation and the true-bilirubin concentrations (Wilcoxon's test: P <0· 05), this difference is negligible for practical purposes (see Fig. 1 ).
In the presence of excess serum albumin (molar ratio <1), we find almost the same maximum wavelength (463 run) as was measured by Hertz et aP for enriched human serum, namely, 462 nm.
From the same figure it can be concluded that the concentration difference for the bilirubin-HSA solutions and the bilirubin-enriched pooled serum is scarcely influenced by the molar bilirubin/HSA ratio. solutions on their absorption maximum at pH 9.30. From these results it is evident that the bilirubin concentration in the bilirubin-BSA solutions calculated with the Hertz equation is too high compared with the true-bilirubin concentrations. When the ratio bilirubin/albumin is about 2 there is excellent agreement between both concentrations.
In the presence of excess of BSA (molar ratio-c l), the absorption maximum of the bilirubin complex at pH 9' 30 is constant and appears to be the same as that found by Wennberg et el. 6 during titration from pH 11· 5 to pH 8' 5. As the molar bilirubin/BSA ratio increases there is a concomitant shift in the absorption maxima to lower wavelengths (see Fig. 2 ). The same phenomenon was measured by Wennberg et al. 6 at pH 8· 5 with bovine albumin, and they concluded that at this pH only one molecule of bilirubin is bound to the albumin. There appears to be no significant difference [arb]
Discussion
It can be concluded from these experiments that the use of the Hertz equation to calculate the bilirubin concentrations in bilirubin-BSA solutions, diluted with tetraborate buffer, overestimates the bilirubin concentration at bilirubin/albumin ratios smaller than I· 8 owing to the different absorption spectrum of bilirubin-BSA compared with bilirubin-HSA. Thus bilirubin standards in BSA-solutions should not be used to standardise this spectrophotometric method. There is much better agree-ment between the true-bilirubin concentrations of bilirubin-HSA solutions and those obtained by the Hertz method; moreover the difference in concentration is scarcely influenced by the molar bilirubin/albumin ratio in the range we investigated. Bilirubin standards in HSA-solutions can thus be used to standardise this spectrophotometric procedure. When the molar bilirubin/albumin ratio increases, the difference between the true-and the Hertz-bilirubin concentrations of the bilirubinserum solutions is comparable with the difference in the bilirubin-HSA solutions and is scarcely influenced by this molar ratio. The Hertz equation thus gives a good idea of the true-bilirubin concentration in human serum, measured in tetraborate buffer, at pH 9· 30.
